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COMPLETE SPECIFICATION 



Process and Apparatus for Bending and Tempering Glass 



I, George Edward Polkes, of 5, Cor- 
poration Street, Birmingham, 2, a British 
Subject, do hereby declare the invention 
(a Cdmmiinication from Libbey-Owens- 
5 Ford Glass Company, of Nicholas Build- 
ing, Toledo, County of Lucas and State of 
Ohio, United States of America, a Cor- 
poration organised under the Laws of the 
State of Ohio, United States of America), 
10 for which I pray that a patent may be 
granted to me, and the method by which 
it is to be performed, to be pai*ticulai4y 
described in and by the following state- 
ment : — 

15 This invention relates to glass bending 
and tempering equipment and in particu- 
lar to improvements that facilitate the car- 
rying out of these processes in a commer- 
cial manner. 

20 It is relatively easy to bend glass wlien 
the- size of the glass piece is small aiid 
Avlien the sliape to be formed is not com- 
plicated. However, difficulty is experi- 
enced when the sheets of glass to be bent 

25 are large and where the finished product 
must accurately conform to a predeter- 
mined shape. It is still more difficult if 
the glass sheets after bending must be tem- 
pered and after both processes must still 

30 conform accurately to a predetermined 
shape. Still more difficulties arise when 
the bent and tempered glass sheet must 
also pass stringent optical requirements as 
are imposed Avhen the bent tempered glass 

35 is to be used as a -window. Plate glass 
windows having practically no blemishes 
and having practically no distortion which 
interferes with clear vision through the 
windows are commonplace. Therefore, to 

40 be commercially acceptable the bent and 
tempered glass must satisfy substantially 
the same optical tests. 

These .stringent requirements make it 
necessary tliat the molds used in the bend- 

45 ing of tlie glass have shaping surfaces that 
[Price 2/8] 



contact only the marginal area of the benl; 
glass sheet; that no localised stress be set 
up in the glass (as by. supporting it from - 
damps or otlxer localised support); that the 
curves in the glass be produced without so 
appreciable stretching or compression of 
the glass which woxdd unevenly affect its * 
thickness and thus introduce prism effects 
between adjacent areas of the glass; and, 
as a last requirement, that no support 55 
portion of the mold or any other structure 
contact the clear area of the glass while 
the glass is at an elevated temperature. 

These stringent requirements miake it 
extremely difficult to produce curved and gQ 
tempered glass of required commercial* 
quality according to the Laiown methods of 
handling the glass. 

T!he principal object of this iuvention is 
to provide glass bendiag and tempering ^5 
equipment in which the glass to be bent is 
carried on a bending mold which, riding a 
conveyor, passes through a first region in 
which glass bending conditions are main- 
tained and an immediately adjacent region 70 
in which glass tempering conditions are 
maintained. 

Another object of the invention is to 
provide a tempering system with a con- 
veyor extending along each side of the tern- 75 
pering system so that molds carrying the 
bent glass sheets, may straddle the lower 
portion of the tempering equipment while 
riding on the conveyors. 

Another object is the provision of im-80 
proved equipment for tempering bent 
glass sheets as they move- along a predeter- 
mined path, embodying a plenum chamber 
having an opening facing the path of the 
glass .sheet to be tempered, a conveyor ex- 85 
tending along each side of the plenum 
chamber, and a mold for carrying the glass 
sheet along said path, said mold straddling 
the plenum chamber and riding on the 
conveyors. 90 
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Another object is the provision of a 
novel glass bending and tempering tecb- 
niqne in v/hich a glass sheet, or plate to bo 
treated is first heated non-nniformly to 
, 5 bend tlie same to a predetermined curva- 
ture, then additionally heated to cause the 
temperature of the entire area of the sheet 
to approach uniformity, and finally chilled 
substantially uniformly throughout its, 

10 area to temper the bent sheet. 

A further object is the provision of an 
im.proved glass bending, and tempering 
technique or method which .includes the 
several steps of supporting a. sheet of glass 

15 in bending relation to a shaping surface of 
a mold, moving the mold and the glass 
thereon along a predeterinined path, heat- 
ing selected areas of the glass to higher 
temperatures than other areas to cause the 

20 sheet to bend to accurately fit the shaping 
surface of the mold, then heating the bent 
sheet substantially uniformly over its en- 
tire area, and finally chilling the opposite 
surfaces also substantially imif ormly over 

25 their entire areas to temper the glass, all 
duriQg movement of ", the mold and glass 
along said path. 

A . further object is to provide equipment 
for conveying tiie glass and mold at a sub- 
. 30 stantially uniform speed through the heat- 
ing region, then quickly transferring the 
mold to a tempering region, and siibse- 
, quently conveying it at a reduced speed 
Araugh the tempering region. 

35 A still further object is to shape nozzles, 
through which the cooling fluid is directed 
toward the glass, to conform as nearly as 
possible to the shape of the bent glass 
sheet thereby minimising the distance be- 

40 tween the nozzles and a glass sheet moving 
between the nozzles. . ' 

In carrying out a . glass bending and 
' tempering operation according to tie in- 
vention, a glass sheet to be bent and tem- 

45 pered is supported on a mold in bending 
relation to a shaping surface thereof, the 
mold and glass are passed through a heat- 
ing chamber during which passage the 
glass softens and conforms to the shaping 

50 surface of the mold, then the mold and 
glass are rapidly transf erred-from the dis- 
charge end of the heating chamber to a 
tempering region in which region sheets of 
cooling fluid are directed against the sur- 

55 faces of the glass while the ?iold and glass 
are slowly moved through the region. It 
will be observed in .this method of handling 
the glass that the glass is carried on the 
same mold throughout the entire process- 

60 ing operation and, since the bending is ac- 
complished at least in part by gravity and 
the bent glass is supported in its marginal 
area only, that there is no step in the pro- 
cess tending to mar the surface of the 

^5 glass. 



A feature of the improved apparatus is 
the construction and arrangement of a pie- 
nuin chamber and nozzles for directing 
cooling fluid against the lower surface of 
the glass while the glass is carried on a 70 
mold that straddles, the plenum chamber 
and that rides on conveyors extending 
along the sides of the chamber. It is this 
arrangement that permits the same mold 
to carry a glass sheet through both a bend- 75 
ing region and a tempering region. 

Another feature of the invention rela- 
ting to the bending portion of the process 
is Sie use of heat deflectors to cjhield se- 
lected portions of the glass from the action 80 
of radiant heaters , used as heat sources 
within the heating chamber. The heat de- 
flector may be either carried on the mold 
so that it travels vTith the glass or it may 
be mounted in a frame or rack within the 85 
heating chamber so as to shield selected ■ 
portions of the path of the glass. 

In the aecompanjdng drawings : 

Fig. 1 is a plan view of the equipment 
showing the general arrangement of the 90 
various portions thereof; 

Fig. 2 is a front elevation of the im- 
proved .equipment ; I 

Fig. 3 is an end elevation of the cooling 
or tempering system as seen from the line 95 
3_-3 of Pig. I; 

Fig. 4 ia a perspective view of a mold 
frame suitable for nse in the improved 
equipment; 

Fig. 5 is an enlarged front elevation, lOO 
ynth parts shown in . section, of the dis- 
charge end of the heafing chamber and the 
cooling system 

Fig. 6 is greatly enlarged detail eleva- 
tion of one of the pedestals used to sup- 105 
port the conveyor that carries the molds 
through the cooling station; 

Fig. 7 is a plan view of the pisdestal and 
its foundation; . 

Fig. 8 is a greatly enlarged, vertical, HO 
transverse section of the working end of 
the cooling system as seen from the line 

8— 8 of Fig. 5; 

Fig. 9 is a greatly enlarged vertical 
longitudinal section of the worldng end of 115 
the cooling system as seen from the line 

9— 9 of Fig. 8;. 

Fig. 10 is a fragmentary detail view, - 
partly in section, showing a portion of the 
conveyor drive as seen f roip the line 10—10 120 
of Fig. 8 ; " 

Figs. 11 and 12 are perspective views of 
nozzles that are used for directing cooling. . 
fluid against the heated glass ; 

Fig. 13 is a plun view of one corner of 125 
the conveyor system that is employed to 
carry the molds from a loading station 
through the heating chamber and temper-- • 
ing station and back to an unloading sta- 
tion that is adjacent the loading station ; 130 
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Fig. 14 is a vertical section taken along 
, the line 14—14 of Fig. 13 ; 

Fig. 15 is a fragmentary elevation of tJie 
gears that drive the conveyor r Duel's shown 
5 in Pig. 13, the elevation being taken along 
tJie Ihie 15—15 of Fig. 13; 

Fig. 16 is a perspective view of a pair of 
halt deflectors that are nsecl in the heat- 
ing chamber to shield selected areas of tiie 
10 path of tlie glass being bent; 

Fig. 17 is a vertical section through a 
portion of the heating chamber in the re- 
gion indicated by the line 17—17 of Fig. 1 ; 
Figs. IS and 19 are transverse vertical 
15 sections of the portion of the heating 
chamber shown in Fig. 17 to show the 
moujiting for and the use of the heat de- 
flectors sliown in Fig. 16; 

Pig. 20 is a vertical section of a mold 
20 frame and mold having a heat deflector 
that is carried on the mold. frame ; 

Pig. 21 is a plan view of the mold frame 
mid mold showing tlie heat deflector in its 
inactive position and indicating its active 
25 position. 

Referriiijo; now to Fig. 1, molds carrying 
glass sheets to be bent are started along a 
conveyor section 1 that constitutes a load- 
ing station and that carries the molds to a 
30 power ch'iven roller conveyor 2 at the inlet 
end of a heating chamber or furnace 3. 
The power driven roller conveyor 2 ex- 
tends throughout the length of the heating 
chamber 3. At the discharge end of the 
35 heating chamber 3 the molds are carried 
on narrow chain conveyors 4 and 5^ whicli 
I)assing along the sides of a quenching sta- 
tion 6, permit the mold to straddle the 
lower poi"tion of the quenching system. 
40 Prom the chain conveyors 4 and 5 the 
jnolds are transferred to another conveyor 
section 7 leading to a semi-circular con- 
veyor section 8 which reverses the direc- 
tion of travel of the molds and leads them 
46 to a return conveyor 9 extending alongside 
the heating chamber 3 and terminating at 
an unloading station 10. The bent glass 
sheets, which have now cooled to a tem- 
perature at which they may be hanclled, 
50 are removed from the molds at the un- 
loading station 10 and the molds are then 
carried on a semi-circular conveyor 11 to 
the loading station at the start of the con- 
veyor 1. Since all of the conveyor sections 
55 operate in the same horizontal plane, it is 
necessary that they all be power driven in 
• order to secure an uninterrupted move- 
ment of the molds. 
The quenching system 6 employs air as a 
60 cooling iiuid. This air is supplied under 
pressure through a duct 12 leading from 
a centrifugal fan or blower 13 which is 
belt driven from an electric motor 14. The 
fan 13 draws the air, from the room or 
65 from outside the building, in through its 



intake 15 mounted on the side of tJie hous- 
ing of the fan 13. 

Referring now to Pig. 3, the air that is 
drawn through the fan 13 is carried up- 
wardly iuid then horizontally through the. 70- 
duct 12 and an upper branch duct 16 lead- 
ing to a plemun chamber 17 forming the 
upper portion of the quenching system 6. 
The plenum, chamber IT terminates in a 
series of liozzles 18 the discharge orifices of 75 
which are located immediately above the 
path of the glass sheets to be tempered. 

The air supply duct 12 also has another . 
or lower branch duet 19 which leads to a 
lower plenum chamber 20 that is fitted 80 
with nozzles 21 located immediately be- 
neath the path of th^ glass sheets to be 
tempered. A damper 22 controlled by a 
handle 23 regulates the flow of cooling 
fluid through the lower" branch duct 19 so 85 
as to maintain the desired pressiu:'e rela- 
tions between the upper and lower plenum 
chambers 17 and 20 respectively. Pres- 
sure gauges 24 and 25 are provided to give 
a visual indication of the pressures within 90 
these chambers: 

As may be seen in Pig.- 3, the orifice ends . 
of the nozzles 18 are convex downwardly 
while the orifice ends of the lower nozzles 
21 are concave so that, in end elevation, a 95 
clear space is left between the nozzles IS 
and 21 which clear space conforms ^jener- 
ally to the curvature of a bent glass^ sheet: 
A mold frame 26 (Pig, 4) haS: its cross- 
members 27 curved to conform to the same 100 
curvature as the bent glass sheet so that it 
may carry the glass supporting mold and 
the glass through .the space between the • 
nozzles 18 and 21 -with the nozzles located • 
equally close to all portions of the glass 105 
sheet to .be cooled. As is illustrated in 
Pigs. 11 and 12, the orifice ends of the noz- 
zles 18 and 21 may be varied by design to 
conform to any desired glass curvature. 

The molds emerge from the heating n a 
chamber 3 through an exit opening 28 
which is partially closed by baffle plates 29 
and 30 (Pig. 9) to leave a clear exit space 
that conforans to the end elevation of the 
mold frame 26 and glass and mold carried 115 
thereon. The restriction of the exit open- * 
ing 28 serves two purposes. First, it de^ 
creases the heat loss at the end of the heat- 
ing chamber which would upset the tem- 
perature relations at that point and, sec- 120 
ond, the baffles shield the area adjacent the 
temperifig and cooling system 6 to provide 
more comfortable working space for the 
workmen who supervise the operation of 
the equipment. 125 

In Figs. 1 and 3 a single fan is shown 
for supplying air through the duct 12 and- 
the upper and lower branch duets 16 and 

19 leading to the plenum chambeis 17 and 

20 and nozzles 18 and 21. In some in- 130 
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Stances, it may be desirable to use one fan 
to supply the branch duct IB and a second 
fan to snpply the branch dnct 19. This, 
may provide a more .flexible control in that 
5 the pressures- may be varied both ways 
from the normal condition. 

Heferring now to Pigs. 5, 8 and 10, the 
mold frames 26 progress through the heat- 
ing chamber -3 on the roller conveyor 2 

10 which consists of a large number of tnbiv 
lar conveyor roUers 31. which are spaced at 
intervals and driven by power mechanism 
• extending aloiig the side of the chamber 3. 
Each of the tubular conveyor rollers 31 is 

15 fitted with a pair of conical collars 32 
which collars define a track for one of the 
legs of tiie mold fraine 26 for guiding the 
mold frames along their intended path. 
At the discharge end of tiie heating 

20 chamber 3 the conveyor 2 includes a few 
rollers 33 which are similar to the rollers 
31 except that they are driven at a consid- 
erably higher speed. These high speed rol- 
lei-s accelerate the mold frames to quickly 

25 transfer - the mold frames and. glass from 
the heating chamber 3 through the opening 
28 and on to the conveyors 4 and' 5 that 
carry them into the space between the 
cooling nozzles 18 and .21. 

30 The conveyors 4 and 5 each consist of a 
fii'st conveyor chain 34 (Fig. 10) which is 
driven by a sprocket 35. mounted- on a 
short cross shaft 36. The shaft 36 at its 
outer end carries a sprodcet 37 over which 

35 a drive chain 38 is trained. The drive 
chain 38 is driven from a drive sprocket 39 
carried on a transverse power - shaft 40 
while its tension is controlled by an idler 
pinion 41 mounted* beneath the conveyor 

40 section 5. 

A second sprocket 42 mounted on the 
transverse shaft 36 carries a second drive 
chain 43 serving to drive a large sprocket 
44 which is positively connected to a smal- 

45 Icr sprocket carrying a thirS drive chain 
45. The third drive chain 45 drives a sec- 
ond transverse shaft .46 carrjong a 
sprocket 47 that receives and drives a sec- 
ond conveyor chain 48. * The sprockets 

50 carrying the second and third drive chahis 
43 and 45 eifect a' speed reduction such 
that the second conveyor chaia 48 operates 
much slower than the first conveyor chain 
34. From Pig. 5 it wiU be noticed that 

55 the first conveyor chain 34 extends past 
approximately one-fourth of the nozzles 18 
or 21 and that the second or slow speed 
conveyor chain 4iB extends past and beyond 
the remaining nozzles. 

60' This arrangement makes it possible for 
a mold frame 26 to be earned at substan- 
tially uniform speed through the heating 
chamber 3, then' moved rapidly, from the 
heating chamber 3" - as it engages the 

• 65 higher, speed rollers 33 which carry it 



out of the heating chamber 3 and on to 
the conveyor chains 34. These chains, op- 
erated at substantially the velocity im- 
parted. to the mold frame 26 by the rollers 
33, carry the mold frame into, the space 70 
between the nozzles 18. and 21. The mold 
frame, then engages the slow speed con- 
veyor- chain 48 so that it continues its 
motion at a lower rate of speed past the 
remaining ones of the nozzles 18 and 2175 
and is then carried forward icntil it is fin- 
ally-transferred to the conveyor 7. 

The mold frames 26 may be varied in 
width according to the size of t]ie mold 
and the glass that is to be bent. Since 80 
only one side of the mold frames are 
guided by the conical collars 32, the width 
of the frames does not affect the operation 
on the conveyor 2. However, the convey- 
ors 4 and 5 each of which includes a high 85 
speed conveyor chain 34 and a slow speed 
conveyor chain 48 are narrow and must, 
therefore, be spaced apart a distance equal 
to the width of the mold frames 26, This 
spacing is made adjustable by mounting 90 
each of the conveyoi^ 4 and 5 on pedestals 
49 each- of which, is provided with a 
flanged foot 50, .the filanges of which en- 
gage transverse ways 51 serving to hold 
the flanged foot 50 against the upper sur- 95 
face of a foundation frame 52 extending 
transversely of* the conveyor. The spacing 
between the chain conveyors 4 and 5 is 
adjusted by loosening clamping bolts 53 
and sliding the conveyor pedestals 49 along 100 
the ways 51 until the desired spacing is 
reached and then clamping the pedestals 
in position by tightening the bolts 53. 

The drive shaft 40 extends along one of 
the ways 51 and the sprockets 39 attached 105 
thereto are slidable along the drive shaft 
40 so that the conveyors may be driven by 
the same drive mechanism regardless of 
their" spacing. The drive shaft 40 is sup- 
poi1;ed intermediately of the sprockets 39 110 
by a center beariag 54. 

Referring now more particularly to 
Figs, 8 and 10, tlie conveyor chains 34 and 
48 during travel along their upper flight 
ride on -webs 55 of channel 'irons 56 com- 115 
prising the upper part of the frames of 
the conveyors 4 and 5, The channel irons 
56 are rigidly secured between side chan- 
nel irons 57 which together with a base 
plate 58 forin a box-like frame for the eon- 120 
veyor, Tlie return, or lower iiight5 of the 
conveyor chains 34 and 48 run on the base 
plate 58. In this arrangement the upper 
channel irons 56 form a support for the 
upper flight of the conveyor 'chains- and 125 
serve as side guards for preventing the 
mold frames 26 from departing from their 
intended path. * 

The conveyor chaiiis 34 and 48 are kept 
under proper teiision by take-up meelran- 130 
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isms 59 each comprising a screw 60 which 
is locked in position by adjusting nuts en- 
imaging the sides of a bracket 61. The ad- 
justing screws 60 serve to adjiist bearing 
5 blocks 62 along the side chajmel irons 57 
and thus vary the distance between the 
drive shafts 36, 46 and shafts 63 journalled 
in the blocfa 62 and carrying sprockets 
over which the conveyor chains 34 and 48 
10 run. 

Referring now to Fig. 13, which shows 
a portion of the semicircular conveyor 8, 
this conveyor comprises a plurality of con- 
ical rollers 64 the small ends of which are 

15 journalled in bearings 65 mounted in a 
semicircular frame memlper 66 at the in- 
ner side of the cun'e of the conveyor. The 
large diameter ends of the rollers 64 are 
journalled in bearings 67 supported from 

20 a frame member 68 that is substantially 
concentric with the first semicircular frame 
member 66. Gears 69 mounted on the 
outer ends of the shafts of the conical roll- 
ers 64 are interconuected by idler gears 70 

25 so that power delivered through a chain 

71 to tlie first of the tapered rollers 6* is 
transmitted through the gears to drive all 
of the tapered, rollers in luiison. The axes 
of the tapered rollers 64 are arranged to 

30 niect at a point at the .center of curvature 
of the frame members 66 and 68 and are 
arranged to slope upwardly toward the 
small ends so that the conveyor surface 
formed by a plane tangent to the upper 

35 surfaces of the ix)llers" 64 is horizontal. 
This arrangement provides a simple mech- 
anism for transfei'ring the mold fi-ames 
from the conveyor coming from the heat- 
ing and tempering zones to the retiu'n con- 

40 yeyor 9 extending back alongside the heat- 
ing chamber 3. 

Referring now to Rigs. 8 and 9, the iip- 
' per plenum chamber 17 comprises tele- 
scoping sections 72 and 73, the telescoping 

45 engagement of which is regulated by a 
plurality of bolts 74 that engage flangess 75 
and 76 attached to the lower and upper sec- 
tions 72 and 73 respeetively. The tele- 
scoping engagement between the plenum 

50 cliamber sections 72 and 73 is used to reg- 
iilate the distance between the nozzles IS 
attached to the lower side of the section 

72 and the upper surface of a glass sheet 
77 thiit rests on a shaping, surface 78 of a 

55 mold 79 carried on tlie mold frame 26. 
The lower plen-um chamber 20 inchides 

. a telescoping section SO the height of which 
is regulated by a plurality of bolts 81 that 
engage flanges 82 and 83 of the stationary 

60 part of the plenum chamber 20 and the 
telescopin.fr section 80. The telescopino- of 
the section 80 over the stationary portion 
of thi^ lower plenum cliamber 20 is used to 
legulate the distance between the orifice 

65 side of the nozzles 21 and the path of the 



mold frames 26. 

The lower surface of the telescoping por- 
tion 72 of tlie upper plenum, chamber 17 
and the upper surface of the telescoping 
section 80 of the lower plenum chamber 20 70 
are convex towaid each other and eadi is' 
open toward the other, i.e., toward the 
path of the glass to be cooled. The nozzles 
IS and 21 extend across the openings of 
the plenum chamber to which they are at- 75 
tached as by means of bolts 84 and the 
phu^ality of nozzles collectively cover the 
entire area of the openings in. the plenum 
chambers. 

From Pig. 8 it may be noticed that the 80 
orifice side of each of the nozzles is shaped 
to conform generally to the contour of the 
bent glass sheet 77. In Fig. 9 it wiU be * 
noticed that the nozzles 18 and 21 are ar- 
ranged to direct the cooling fluid along a 85 
path that is normal to the surface of the 
glass being treated. 

At tlie discharge end of the heating 
chamber 3 the mold frames 26 carrying 
the molds and bent glass pass through the 90 
opening between the baffle plates 29 and 
30 and then travel forward until the mold^ " 
and glass are completely past the first of 
the nozzles 18 and 21. The first of the 
nozzles 18 a^id 21, the nozzles 18' and 21',. 95 
are inclined in the direction of movement 
of the glass to cause the cooling fluid "to 
flow toward the other nozzles when it 
strikes the surface of the glass rather than 
back toward the heating chamber 3. Like- 100 
Avise, as much clear space as possible is 
left for the escape of the cooling fluid to- ■ 
ward the sides of the conveyors 4 and 5 
to minimise the draft or circulation of cool 
air toward the exit of the heating chamber 1Q5 
3. If the cooling fluid from the nozzles 18 
and 21 were directed toward the opening 
between , the baffle plates 29 and 30 it 
would seriously upset tlie temperature con- 
ditions within the heating chamber 3. -110 

It is practically impossible to completely 
eliminate the flow of cool air toward the 
heating chamber. Therefore, gas burners 
85 and 86 directed toward the opening be- 
tween the baffle plates 29 and 30 are em- 115 
ployed to establish a High temperature re- 
gion at the exist opening and a flame cur- 
tain which shields the interior of the heat- 
ing chamber 3 from cold drafts from the 
cooling and tempering system including 120 
the nozzles 18 and 21. 

As the glass is carried on the mold past 
the nozzles 18 and 21 the cool air, consti- 
tuting a cooling fluid, impinging on its 
surfaces causes cooling and contraction of 125 
the surface of the glass prior to the cool- 
ing of the interior of the glass sheet. This 
rapid surface cooling, known as quenching, 
causes contraction of the surfaee of the 
glass while the inta-ior of the glass sheet 130 
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is stiJl sufficiently plastic to^ accommodate 
the shrinkage of -the surface layers. The 
subsequent cooling and contraction of tlic 
- interior- of the glass- sheet sets up internal 
5 stresses within the glass- "with the interior 
of the glass imder tension and the surface 
layers uiider compression in directions par- 
allel to. the surface of the glass. The pro^ 
duction bf these internal stresses in the 

10 glass, linown as tempering, produces a 
glass sheet that is unusually strong in re- 
sisting transverse loading. This follows be- 
cause glass is very strong in compression 
but relatively weak in tension. Therefore, 

15 when a transverse load is applied to tem- 
pered glass, the surface next to the load 
suffers- additionai compression wkQe the 
surface remote- from the load suffers a re- 
duction in the compressive force which, for 

20 ordinary loads, is not sufficient to cancel 
the initial compressive stress so that both 
surfaces of the glass remaia .under com- 
pression. Since any ..fracture must start 
in the surface of the glass and since glass 

25 usually .fails in tension, it follows that a 
tem.pered glass sheet must be stressed 
much higher than an 'ordinary glass, sheet 
before fracture occurs. 

It is important when quenching glass, 

30 particularly by the sweep quenching 
method resulting from the operation of the" 
long thin oriiices of the nozzles 18 and 21, 
that the cooling fluid shaU be uniformly 
distributed and never allowed to concen- 

35 trate on any particular ^xea for an appre- 
ciable length of time. . If non-uniform 
cooling occurs the glass may be weaker 
and have an undesirable breaking, pattern. 
In the present equipment this condition 

40 does not Occur because the mold never 
stops during its passage past the nozzles 
18 and 21. The conveyors are arranged 
to rapidly move the mold and mold frame 
from the heating chamber into the space 

,45 between the nozzles and tlien without 
bringing it to a stop* to merely reduce its 
speed ^d slowly carry it the remaining 
^Stance through the tempering zone. 
Since the nozzles extend the full width of 

50 the glass sheet with a* slight excess at each 
side, each of the noz2iles provides a fan- 
shaped stream of cooling fluid that extends 
uniformly' across tie fuU width of the glass 
sheet. . After striking the glass the spent 

55 cooHng fluid moves away from the glass 
into the space between the nozzles and 
flows toward the sides and. out over the 
con-veyors 4 and 5. 
Pigs. 11 and 12 show the general shape 

60 of the nozzles tliat are suitable for use in 
the qiienching of glass. The nozzle -21. 
.shown in Fig. 11 is substantially the shape . 
used oh the lower plenum, chamber while 
the.nozzle 21i (Fig,. 12) shows a modified 

65 "fonh in which the shape of the glass in- 



stead of being sj'mmetrically cui'ved has 
the curvature -eonfined largely to one end 
of the sheet of glass. 

B^ferring now to Figs. 16 to 21 inclu- 
sive and ill particular Fig. 16, it is some- 70 
times found desirable to shield selected 
portions of the glass sheet duruig its tra- 
vel through the heating chamber. This 
shielding^ of portions of the glass permits 
portions of the glass sheet to be brought 75 
to bending temperature without raising 
other portions of the glass to such temper- 
atures. This selective- heating provides 
more control of the bending conditions so 
that those portions of the glass that are 80 
to be left flat do not sag out of shape while 
relatively deep bends are made in other 
portions of the sheet. The selective heat- 
ing may be accomplished by either supply- * 
ing localised heat to that portion of the 85 
glass to be bent or by providing a general 
source of heat and shading or shielding 
those portions which are not to be bent. 
The latter method is preferable because .of 
its simplicity. The required apparatus con- 90 
sists merely of one or more lieat deflectors 
87 (Pig. 16) that are formed of stainless 
steel slteets or skins formed over a heat in- 
sulating core 88. These heat deflectors 87* 
are interposed between the path of the 95 
glass sheets being pi'ocessed and the sources 
of heat located wifiiin the heating chamhei' 
3. 

For convenience in mounting, each of tlie 
heat deflectors 87 may be provided at each 100 
of its ends with pins 89 which may rest on 
horizontal flanges of. T-bars 90 .mounted 
crosswise within the heating, chaml^er 3 
and clear of the patli of the mold frames 
26 to form a rack. Since the heat deflec- 105 
tors 87 are slidably carried* on the T-bars 
90, they may be easily moved to whatever 
location is required to properly concen- * * 
trate the heat on the glass. 

Since the heat deflectors are relatively HO 
close to the glass and since sharp changes 
in temperature between adjacent portions 
of the glass should be avoided tlie edges 
of the deflectors 87 -that are parallel to the 
path of movement of the glass are serra- 115 
ted forming generally triangular teeth 91 
which widen the zone between the com- 
pletely shaded and the completely exposed 
areas of the glass thus minimising the 
abruptness of the temper atiu-e differential 120 
between the adjacent portions. The teeth 
91 are symmetrically located along both 
edges of the deflectors 87 so that in the 
event a larger width muist be shaded two 
or more of the deflectors may be pushed 125 
together with the teeth of one meshing 
with the teeth of another. 

In the event that all of the heat deflec- 
tors installed in the heating chamber 3 are 
not reqiiired, the idle deflectors may lie 130 
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piished against the side of the ' hcatino- 
ehamhej- 3 and stood on edge as shown by 
the deflector 87a. of Figs. 17 and 19. 
TJie Jieating chamber 3 is heated by a 
o plurahty of burner tubes 92 located adja- 
cent the ceiling of the heating chamber and 
a relatively lesser number of burner tubes 
93 located beneath tlie conveyor and above 

in no^ ^^^^ chamber. The burner tubes 

92 and 93 are gas fired and a fair portion 
of the developed heat is in the form of 
radiant energy directed toward the glass. 
The heat deflectors 87 may be interposed 
between the heaters 92 and the alass to in- 

15 tercept tlie radiant heat energy so that tl:e 
shaded portions of tlie glass are heated bv 
the heated atmosphere only. Thus in pro- 
ducing the shape of bend shown in Fi£v, 
18 the heat deflectors 87 are located over 

20 the ends of the glass sheet so that the 

C middle thereof receives the greatest amount 
ot heat. This arrangement is sxiitable when 
the curvature of the glass is confined 
^ largely to its center section. 
25 Fig. 19 shows an arrangement in which 
the bend is confined largely to one end of 
the sheet of glass and in this case the heat 
deflectors 87 are pushed away from the 
( leeply bent portion of the glass so as to 
30 shield the relatively flat end section. In 
tins case, one of the deflectors of the pair 
*is not used and is stood up a<i'ainst one side 
ot the chamber 3 hi the position oecnpied 
by the deflector 87a. Fig. 19 also illus- 
1 5^1^ ^ise of auxiliary radiant heaters 
94 which are focused on those portions of 
the glass in which the greatest amount of 
bending occni-s and the heat deflector 87 
IS located to intercept enough of the radi- 
40 ant energy from the heaters 94 and the 
iHinier tube 92 to prevent the flat portion 
of the sheet from reaching bending temp- 
erature. * . . 

' I method is emploved the heat 

^ .45 deflectors 87 constitute means for shield- 
ing or shading a portion of the path of the 
glass sheet being bent from the radiant 
energy emitted from a radiant heater or 
heat source hi the lieating chamber 3. 

50 It is not necessary that the heat deflec- 
tor remain stationary within the chamber 
o since similar results may be obtained bv 

. mounting a heat deflector 95 from a col- 
lapsible framework 96 erected from a por- 

55 tion of a mold frame 97. In this event 
the heat deflector 95 moves mth the mold 
and glass as the mold structure is carried 
Through the heating chamber 3 and the 
cooling and tempering system 6. When 

60 the mold frame 97 reaches the exit end of 
the heating chamber 3, the heat deflector 
.JO engages a stop member or other obstruc- 
tion which causes the collapsible frame- 
work' 96 to assume the retracted position 

65 shown m Fig. 21. In tliis position tlie 



heat deflector 95 and framework 96 are in 
line with the mold and easily pass through 
the opening between the baffles 29 and 30 
and between the nozzles 18 and 21. The 
heat deflector 95 which travels with the 70 
mold frame 97 is preferable to the station- 
ary deflectoi^ 87 when the area to be- 
shaded occupies only a portion of the 
length of the glass sheet. The stationary 
heat deflectors 87 shade a portion of the 75 
path of the ^lass so that the shaded ai-eas 
traverse and may extend entirely across 
each glass sheet in the direction of travel 
of the sheet. The deflector 95, however 
moves with the glass and may, therefore' 80 
be used to shade any selected portion of 
tlie glass regardless of its direction of 
movement. 

The collapsible fi-ame 96 comprises a to]) 
member an extension of which carries 85 
the heat deflector 95, two sets of parallel ' 
Imks 99 the upper ends of which are at- 
tached to the top piece 98 and the lower 
ends of which are attached to longitud- 
inal bars 100 of the mold frame 97. 90- 

Fig, 21 also shows a fragment of a 
hinged mold having hinged sections 101. ' 
and 102 that are caiTied on side rails 103 
and 104 of the mold fi-ame 97 and that are 
hinged together by hinges 105 only one of 95 
which is shown in the figure. The hino^ed 
inold mdudes a shaping surface 106 which 
IS supported from the hinged sections IGl 
and 102 by a plurality . of short struts 107 
In this type of mold the glass is held in 100 
transverse compression and, as it softens. 
It iails as a coliunn and sagging down- 
wardly permits the mold to assume its 
closed position as the glass settles into con- 
tact with the shaping surface 106 which 105 
shaping sui'face conforms to the marginal 
area of the bent glass sheet. The appar- 
atus shown in Fig. 21 is adapted to bend 
H glass sheet to a shape that approximates 
a smaU portion of a conical surface in that 110 
tne radius of curvaUire in a transverse dir- 
ection at one end of the sheet, the end not 
shown, IS quite small while the transverse 
radn^ of curvature at the end shown in 
the figure is qxiite large. In order to 115 • 
achieve the required curvature at the 
sharply bent end of the siu^face., it is nee- • 
essary to decrease the heat applied to the 
relatively flat end so that it will not sa^ 
out of shape during the bending process. 120 
It IS to retard the heating at this end of 
the g ass that the heat deflector 95 is 
brought into a position such that it shades 
this portion. 

Since the path of the heat deflector 95 125 
when m the position shown in Fio- 20 is 
below the position of the stationary heat 
deflectors 87 it is possible to combine the 
two types of heat deflectors if unusual 
types of bends must be produced. The 130 
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• eJBBcacy oi! this method of coatroUing the 
heat input to the glass depends upon the 
fact that a. substantial portion of the heat 
transmitted to the ^glass is fn the form of 
5 radiant, energy whi<}h can be intercepted. 
The intercepted heat energy raises the tem- 
.peratiu'e of the h'eat deflectors 95 bnt this 
temperature does not rise far enough so 
that the under surface, 'the shaded surface, 

10 of the heat deflector re-radiates the heat as 
radiant, energy. Thus it is possible to 
hold the teiiiperature of selected portions 
of the glass at or below tue teinpe^^ature 
of the atmosphere within the heating- 

15 chamber 3 while other portions of the glass 
•that are exposed to the radiant energy are 
heated to substantially higher tempera- 
tures. 

Heretofore, in tempering glass sheets of 
20 plates, it has been considered necessfuy to 
* ' first heat the sheet to be tempered, uni- 
formly oyer its entire- area, to substantially 
the softening point of the glass/ and to 
then, suddenly chill the; same, uniformly 
25 over its entire area, to temper it. 

In practising " the present invention, 
however, both the "heating necessary to 
bending and the preliminary lieating step 
of the tempeidng procedure is carried on 
30 the chamber 3. Consequently, the glass 
sheet to be bent , and tempex'ed is first 
heated non-unif ormly over its ai*ea to cause 
it to bend to the exact curvatui'e desired, 
and then, after some additional heating of 
35 the sheet between the bendtng portion of 
the chamber and the discharge end^ during 
which the different temperatures at the 
various areas of the sheet tend to equal- 
ise, the glass is suddenly and uniformly 
40 chilled to complete the tempering oper- 
ation. 

It is, -of coux-se^ important to the obtairi- 
ing of the desired tempered quality, and . 
proper brealcing pattern,, that there not 

45 be too wide a temperature variation be- 
tween different areas, of the sheet just prior 
tO: chilling. However, I have foimd tliat 
some variation in temperature, is tolerable, 
and that satisfactory tempering iS; -ofe- 

50 tained under such conditians, 

I have also discovered that excellent 
results can be obtained by applying heat 
directly t6 the surfaces only of the sheet 
to be tempered just before it is cJiilled. For 

55 this purpose, I have in some cases ar- 
ranged burners 108 and 1Q9 above and be- 
low the path of travel of the sheet; and 
just inside the exit end of the chamber 3., 
as shown in Pig. 9, or farther back in the . 

f O chaniber as shown in Pig. 5. These biUTi- 
ers are dej?igned for flash heating by play- 
ing a blanket of flame upon opposite sides 
of the sheet passing therebetween, to equal- 
ise the surface temperatures of the glass 

.65 and to allow' a higher temperature to be 



reached 'at the surface than would other- 
wise be the case. 

-.This improved apparatus and technique 
is ca]}able of •producing bent glass sheets 
that contorm accurately to predetermined 70 
shapes and of tempering the glass sheets 
without further distortion or handling. 
The rapid transfer of the glass and. its sup- 
porting mold froni the heated chamber to 
the quenching region is accomplished aut- 75 
omatically by a high speed section of the 
.convej^.or M'ithout requiring attention from 
the operator. And finally, the travel 
through the cooling or quenching zone is 
accomplished '^\'ithout any stops that would 80 
lead to. localised cooling of the glass and 
irediiced optical quality. The improved 
equipment allo\rii the use of the same mold . 
for carrying the gla^s through the heating 
chamber and subsequently thi*ough the 85 
quenching zone without intermediate 
handling— a feature that is. important to 
the prodiiction of high quality bent glass. 
"What I claim is : — 

* 1. A method of bending and tempering 90. 
a sheet of glass that comprises the steps of 
supporting a sheet of gi/iss in bending re- 
lation to a shaping surface of a mold, naov- 
ing.the mold and" the glass thereon along 
a predetermined path, heating selected 95 
areas of said glass to higher temperatures 
than other areas to cause said sheet to bend 
to accurately fit the shapmg surface of the, 
moid^ then heating the bent sheet substan- 
tially uniformly over it^ entire area, and 100 
finally chilling the opposite surfaces also 
substantially - unifoimly over their entire 
areas to temper the glass, all during move- 
mont of said mold and glass along said 
path. 105 

2. A method of bending and tempering . 
. a sheet of glass as defined in Claim 1, in 

which the bent sheet is heated uniformly 
over its entire area by pla:\ang blankets of 
flame on opposite surfaces thereof. ilO 

3. A method of bending and tempering 
a sheet of glass as defined in Claims 1 and 
2, wherein the glass sheet is moved through 
a high temperature region that includes a 

, source of radiant heat energy, with said 115 
glass sheet softening and conforming* to 
the mold dming passage through the said 
region, and hi which selected portions of 
the glass sheet are shielded from radiant 
energy during said passage before it is 120 
heated orer^ti? entire area. 

4. A method of bending and tempering a 
sheet of glass as defined in Claim 3, in 
wliich the. glass sheet is heated to bending 
temperatui'e by radiant heat energy dir- 125 
ected toward the sheet from said soiu'ce, 

in wliich certain portions of the radiant 
enex'gv that is directed toward . the glass. . 
during bending . thereof are intercepted 
and in which the said sheet is subsequently 130 



726,094 



9 



heated over its entire surface to a sub- 
stantially uniform temperature while said 
mold is still in said high temperature re- 
gion and prior to moving the glass sheec 
5 and mold through a cooling and teTni)6ring 
region. 

'X A method of bending and tempering 
a sheet of glass, as defined in Claim 4, in 
which ,the radiant heat is intercepted b>' 

IQ Stationary heat deflectors located within 
said high temperature region and between 
tlxe soui'ce of radiant heat energy and sel- 
ected areas of the path of the glass by 
moving the mold and glass slieet relative 

15 to said stationary heat deflector to bring 
selected portions of the glass into position 
to be shielded by said heat defleetorj 
and in which the entire surface of the 
glass is subsequently uniformly heated to 

20 substantially uniform temperature by mov- 
ing the mold and glass sheet relative to 
said stationary heat deflector to bring said 
sheet out of said shielded position whiJc 
still in said high temperature region. 

25 6. In equipment for carrying out the 
method of bending and tempering a glasa 
siieet as it moves along a predetermined 
path as defined in Claims 1 to 5, in com- 
bination, a plenum chamber having an 
30 opening facing the path of the glass sheet 
to be tempered, a conveyor extending along 
each side of tlie plenum chamber, and a 
mold for cai'rying. the glass sheet along 
said path, said mold straddling the plc" 
35 n'um chamber and ridiag on the conveyors. 

7. In equipment for be^ding and temp- 
ering a glass sheet as defined in Claim 

in which there is provided both a lower 
plenum chamber and an upper plenuui 

40 chamber, with each of said chambers, hav- 
ing openings facing the path of tlie glass 
sheet to be tempered, in which said con- 
veyors extend along opposite sides of said 
lower plenum chamber, and in which said 

45 mold straddles the opening in the lower 
plenum chamber when riding on the con- 
veyors. 

8, In equipment for bending and temj)- 
ering a glass sheet as defined in Claim 6, 

50 in which there is a plenum chamber below 
said path, in which there is provided elon- 
gated spaced transverse nozzles directed 
from said plenum chamber into close prox- 
imity to said path and having long narrow 

55 orifices at the outer edges curved to sub- 
stantially conform to the curve of the ad- 
jacent surface of the bent sheet, and in 
which said mold straddles said nozzles 
when riding on said conveyors. 

60 9. Ill equipment for bending and temi) ■ 
ering a glass sheet as defined in Claim 8, 
in which the said transverse nozzles arc 
directed toward the path of the bent glass 
sheet, in which the ends of the said noz- 

65 zles are curved to substantially confonii 



to the curve of the lower sui'face of the 
bent sheet, and io, wliich said mold contacts 
a narrow mai-ginal ai-ea only of the bent 
glass sheet. 

' lU. In equipment i'or bending and temp- 70 
ering a glass sheet as defined in Claims 8 ■ 
or y, in which there is provided, in addi- 
tion to the lower plenum chamber, an ui,- 
XJer plenum chamber in which there is pro- 
vided a series of elongated spaced trans- 75 
verse nozzles directed toward said path of 
movement of the bent glass sheet and ex- 
tending downwardly from said upper ple- 
num ciiamber into close proximity to said 
patn, said last mentioned series of nozzles 80 
Having long nari'ov/ orifices at the outez' 
edges extending from side to side of saui 
bent glass sheet and having their outer 
ends curved to substantially conform to 
the cui've of the upper surface of the beiit 35 
sheet. 

11. In equipment for bending and temp- 
eriag a glass sheet as defined in Claim lu, 
in wiiich transverse nozzles in each of said 
plenum chambers uve removable, and in 90 
which conveyo rs extend along the sides u 
the lower plenum chamber and include 
first sections that are operated at relatively 
liigh speed to quickly locate the mold be- 
tween the nozzles and second sections op- 95 
crated at a slower speed for continuing the 
motion of the mold with relation to the 
nozzles, 

12. In equipment for carrjdng out the 
method of bending and tempering a glass iqo 
siieet as defined in Claims 1 to 5, in com- ■ 
bination, a heating, chamber, a heat source 
within the chamber, a conveyor for carry- 
ing molds bearing glass to be bent through 
the chamber, a rack extending transversely £05 
of the chamber and between the heat 
soiu'ce and the path of the glass, and a 
heat deflector movably mounted on the - 
rack for shielding a selected portion of the 
path of the glass from radiant heat from no 
the heat Source. 

13. In equipment for bending and temn- 
ering a glass sheet as defined in Claim 12, 
in wlxich the said heat deflector is slidably 
momited on the rack and has a saw-toothed xi5 
edge for minimising the demarcation be- 
tween tiie sliaded and unshaded areas, the 
teeth of the saw-toothed edge being sym- 
metrically arranged to mesh with similar 
teeth of a second heat deflector when 120 
larger areas are to be shaded. 

l-I. In equipment for carrying out lh€ 
method of bending and tempering a gla^s 
sheet as defined in Claims 1 to 5, in com- 
bination, a heating chamber, a heat source 125 
within the chamber, a conveyor for carry- 
ing iiioldS) bearing glass to be bent through 
the chamber, said mold having a collapsible ' 
frame mounted thereon and in which there 
is a heat deflector mounted on the frame 130 
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-that iiL one positioa of the &ame is inter- " ing a glass^steet substantiaUy as described 10 
posed between a reflected -portion of the with reference' to .the accompanying draw- 
glass- and the-heatrsource -and- that- in an- ings. . - 

. ^ other position of the frame is-* completely . ^ " 

5 clear of- -the glass sheet and -aiiy eqiiapment"-^. Dated this fith day ol March -1953 
-for-treating the glass sheet: - - - - LEWIS W. GO OLD & CO.;— 

-15.-A. method .of bending and tempering • - Chartered Patent Agents, * 
a sheet -of glass snbstantially as described. 5,. Corporation r Street, Birmmgham, 2 
- -16.- Equipment for bending and temper- • . Agents for the Applicant ' 
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